Geomorphic mapping of the ~30 km Lake Edgar fault scarp in SW Tasmania suggests that three large surface-rupturing events with vertical displacements of 2.4 -3.1 m have occurred in late Quaternary times. Optically stimulated luminescence (OSL) chronology from a sequence of three periglacial fluvial terraces associated with scarp incision provides constraint on the age of these events. The ages of alluvial/colluvial fans derived from the youngest fluvial terraces constrain the most recent event to ca 17 -18 ka. The chronology of the two preceding events is more poorly constrained. The near coincidence of ages from the base of the youngest terrace and the penultimate terrace suggest that penultimate faulting might have occurred during active fluvial deposition ca 25 -28 ka. The oldest recognised event occurred subsequent to the ca 61 ka deposition of gravels on the highest of the three terraces and prior to the deposition of ca 48 ka gravels exposed in the footwall fan. The vertical displacement implies earthquake magnitudes in the order of M W 6.8 -7.0. Estimates for the average slip rate calculated for the two complete seismic cycles range from 0.17 -0.20 mm/yr (unweighted mean). This sequence represents the first recurrence data for surface-rupturing earthquakes on an eastern Australian Quaternary fault. The Lake Edgar Fault, which originally formed in the Palaeozoic, is undoubtedly susceptible to reactivation under conditions imposed by the contemporary Australian intraplate stress field. While displaying episodic rupture behaviour, the fault appears to rupture with a "characteristic" magnitude. These findings are significant for seismic hazard assessment both in Australia and in intracratonic areas worldwide.
INTRODUCTION
Quantitative examination of the seismotectonics of stable continental regions (SCR) is hampered by an absence of good constraints on the recurrence intervals of large earthquakes. Palaeoseismological investigations provide the only viable avenue to obtain such constraints (e.g. Machette, 1998) . The potential of palaeoseismological investigations has greatly increased with recent developments in chronological techniques appropriate to dating Quaternary sedimentary deposits, such as Optically Stimulated Luminescence (OSL, e.g. Burbank & Anderson, 2000) . In this paper we use the OSL technique to constrain large earthquake recurrence from the Lake Edgar Fault in Tasmania, Australia (Fig. 1) .
Australia is a relatively active SCR with an estimated seismic moment release of 8.9 x 10 23 dyn cm/yr (Johnson et al., 1994) . The historical seismic records suggest that earthquakes of magnitude M W 6.8 occur about every 20 -30 years across Australia. A longer record of large earthquakes is indicated by an abundance of surface-breaking fault scarps of presumed late Quaternary age (Crone et al., 1992 (Crone et al., , 1997 (Crone et al., , 2003 . Crone et al. (1997 Crone et al. ( , 2003 obtained recurrence data for several of these surface-rupturing faults in Western Australia, South Australia and the Northern Territory. The authors demonstrated episodic rupture characteristics on these faults with interseismic intervals of the order of 10 -100 kyr.
The Lake Edgar fault scarp was first recognised as the surface expression of a recently active fault by Carey & Newstead (1960) . South of the Edgar Dam, a periglacial fluvial fan emanating from the ranges to the east is clearly bisected by the fault scarp (Figs 3a, 6 ). Variability in scarp height where the fan crosses the scarp (2.5 m to 6 m, McCue et al., 2003, Fig. 5 ) was attributed to episodic scarp incision by fluvial processes. McCue et al. (2003) suggested that at least two surface-rupturing earthquake events, each resulting in ~2.5 m of west-side-up vertical displacement, had occurred in the Quaternary. A trench excavation across the prominent scarp provided evidence for two Quaternary surface-rupturing events on the fault. McCue et al.'s (2003) log of the trench excavated by the Hydro Electric Commission (Robert et al., 1975) , clearly shows the trace of the most recent faulting event displacing fan gravels inferred to be Late Pleistocene in age. The fault plane dips steeply to the west (60 -70 degrees) but flattens towards the surface, becoming almost horizontal at its intersection with the ground surface. Folded diagenetic quartz laminae in the peaty strata beneath the fan gravels truncate against the contact with the overlying gravel sheet. This deformation and truncation of strata inferred to be initially horizontal was attributed to a penultimate event .
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Glacial outwash fans truncated by the Lake Edgar Fault have been interpreted to date from the Early Pleistocene Eliza glacial stage (Kiernan, 1985 (Kiernan, , 1990 . However, as mentioned above, McCue et al. (2003) suggest that the fault also truncates deposits relating to the most recent glaciation, but this was based upon an earlier model (i.e. Carey & Newstead, 1960 ) that recognised only a single last late glacial stage glaciation in Tasmania. The younger of their two proposed events was inferred to have occurred subsequent to the last glacial maximum (LGM; i.e. within the past 25,000 years), based upon several lines of evidence. Firstly, the scarp is a very sharp and prominent feature in the landscape, significantly more so than several historic surface ruptures in Australia (e.g. Meckering, Clark & McCue, 2003; Tennant Creek, Crone et al., 1992) . Secondly, youth is inferred from the fact that ponds formed by drainage defeat against the scarp (e.g. the former Lake Edgar) have not yet silted up, despite southwest Tasmania receiving ~2500 mm of rain annually (Carey & Newstead, 1960) . Furthermore, the unweathered nature of the gravels in the trench excavation implied an origin younger than the Eliza glacial stage.
McCue et al. (2003) discuss a second fault scarp along the Gell River, some 50 km north of the Lake Edgar Fault (Fig. 1) . The Gell River scarp is approximately 10 km long and is more subdued than the Lake Edgar scarp. This relationship was interpreted to reflect a greater time having elapsed since the last event on the Gell River scarp relative to the Lake Edgar scarp. Although not coinciding with a mapped fault, the Gell River scarp occurs close to, and parallels, the boundary between the Tyennan and Adamsfield-Jubilee strato-tectonic elements, as does the Lake Edgar scarp. The two scarps are separated by the Adamsfield Ultramafic Complex, which McCue et al. (2003) speculate acts to concentrate strain in the Lake Edgar/Gell River region.
RESULTS: SCARP-RELATED GEOMORPHOLOGY
While McCue et al. (2003) provided evidence for multiple Quaternary surfacerupturing events on the Lake Edgar Fault, they did not obtain quantitative age constraints. Here we outline the geomorphic setting of samples for which we have obtained quantitative chronological data relevant to the surface rupture history of the Lake Edgar Fault. Two areas provided a focus for the study (Fig. 2): (1) dating the depositional ages of the sediments on the raised terraces south of Edgar dam (see McCue et al., 2003) ; and (2) dating the depositional history within a small sag pond located to the north of Harlequin Hill. These are described in detail below, subsequent to discussion of the general scarp geomorphology.
GENERAL SCARP GEOMORPHOLOGY
The Lake Edgar fault scarp is clearly recognisable on aerial photography (e.g. Fig. 4) . Although it can be traced for almost 30 km , the southern half is the most pronounced. South of the Edgar Dam wall, the scarp cuts a prominent periglacial fluvial fan emanating in the hills to the east (Fig. 3a) . A model for the evolution of the geomorphology of this area was presented by McCue et al. (2003) , which involved at least one fan surge having planed off the scarp before the fan was 11/7/06 cut by subsequent faulting, forming a series of raised terraces on the hangingwall block (Fig. 3b, c) . These authors also suggest that till from the oldest glaciation in the area (ca 2 Ma Eliza glaciation), presumably occurring on a higher terrace, is also cut by the scarp. This area is discussed in more detail in the next section, in light of our recent work.
Aerial photography acquired in 1961 prior to the filling of the Huon-Serpentine Impoundment (alternatively known as Lake Pedder) reveals that the former Lake Edgar and its smaller companion lake formed by ponding of westerly-flowing streams against the upthrown western side of the fault scarp (Fig. 4) . The texture of the landsurface revealed in the aerial photography suggests that the lakes once formed part of a larger lake, which has either drained due to scarp breach (a prominent breach is evident in Fig. 4 ), drier climate, or has partially silted up . This area, totalling approximately 4 km of scarp length, is now submerged beneath the reservoir.
North of Harlequin Hill the scarp traverses a low-lying plain supporting a number of small streams originating on the Mt Anne/Mt Eliza massif to the east. The largest of these is Condominium Creek. Several of the streams enter a 600 m long by 150 m wide swampy pond, which drains through the 1.5 -2 m high scarp where the pond meets Condominium Creek (Figs 2, 3d, 5) . The western boundary of the pond is defined by the fault scarp, suggesting that the pond owes its existence to reorganisation of drainage following scarp formation, in a similar fashion to the former Lake Edgar. This pond is discussed in more detail in the section Boring/Coring within the fault-bound pond.
The hangingwall morphology near the pond is modified by erosion. Immediately facing the pond, the scarp is sharp and well defined, rising 1.5 -2 m above the pond surface level over a distance of less than 5 m. West of this initial rise, the landsurface continues to rise in a staggered fashion before reaching a saddle about 5 m above the pond some 150 m west of its western margin. The landsurface then drops off gently down to the shores of the Huon-Serpentine Impoundment. The lowest point in the saddle occurs where Condominium Creek has breached the scarp. This geomorphology suggests that a significant topographic barrier existed prior to the formation of the 2 m high scarp bounding the pond. This barrier was largely removed by fluvial erosion focused along Condominium Creek prior to the formation of the most recent scarp.
The scarp becomes more prominent north of Condominium Creek, rising at ~4.5 -5 m over 10 m horizontal. The scarp profile is partly exposed by a track, where it comprises an upper 200 mm thick layer of peaty silt overlying sandy boulder gravel (Figs 3e, 5) . Gravel clasts range up to 150 mm diameter and are highly weathered, some crumbling under hand-pressure. The gravel is mainly quartzite, with minor phyllite.
Further north the scarp is lost within a cover of dense vegetation fringing the Huon River. Aerial photography shows that the river course is remarkably straight for some 10 km north of this point, suggesting a continuation of the fault, if not the scarp. 11/7/06
FLUVIAL TERRACES SOUTH OF EDGAR DAM
Three E-W trending traverses were obtained south of Edgar Dam to complement the three levelling traverses acquired by McCue et al. (2003) . These were tied with a scarp top traverse. The location of the traverses with respect to the scarp and Scotts Peak Road is shown on Fig. 6 . A scarp-parallel traverse across the footwall was not attempted. The morphology of the footwall was extrapolated from the three points on the E-W traverses where they reach the footwall fan.
The E-W traverses (Figs 7b-d) confirm the general westerly slope of the fan on both the hangingwall and footwall blocks. The traverses also clearly show the two terraces on the hangingwall block first identified by McCue et al. (2003) . A third higher terrace is also clearly visible in the Scarp Top traverse and the Three Terrace traverse. South of the Scarp Top traverse the land surface on the up-thrown block continues to rise gradually. A shallow soil pit excavated approximately 200 m south of the traverse suggests that this rise relates to bedrock architecture, with the fan gravels giving way to bedrock south of the traverse. Quartzite bedrock outcrops at the crest of the rise, some 500 m south of the traverse.
Shallow pits excavated on each terrace and on the footwall fan show the soil profile to generally consist of an upper layer of peaty/sandy silt 200 -300 mm thick overlying sandy fan gravels (Fig. 3f) . The gravel clasts range in size from 10 mm to over 150 mm, are angular to subrounded and predominantly quartzite. The gravel clasts on Terraces 1 and 2 are fresh in appearance and significantly resistant to fracture when struck with a hammer, supporting the supposition of McCue et al. (2003) that they relate to glaciations younger than ca 2 Ma. Gravel clasts on Terrace 3 are significantly more weathered, and can sometimes be crumbled in the hand, implying greater age.
The trench excavation, which is situated on Terrace 1 Fig. 8; Fig. 8) , reveals that the gravels form a sheet, ranging from 0.5 -1.0 m in thickness. This sheet is underlain by organic-rich silty sand and peat. Our soil pits did not penetrate through the gravels on Terraces 2 and 3, but it is assumed that they also form thin sheets mantling a silty soil profile.
These terrace features are not apparent on the footwall block. However, the fan deposits on the footwall do rise in elevation towards the south, roughly mimicking the hangingwall terracing. A significant colluvial fan has developed at one location, redepositing material from Terrace 1, and the scarp face, onto the footwall fan (see Fig. 7d, cf. Figs 6b, c) .
The geomorphology is consistent with the evolutionary model of McCue et al. (2003) , which involves fan surges planing off the scarp before the fan was cut by subsequent faulting. However, our data suggest that three faulting events, not two, are required to produce the observed topography (Fig. 9) . We note that the slot cut into the scarp following the penultimate faulting event is steep sided, whereas the profile of the fan prior to this was more U-shaped (Fig. 7) . This might relate to the amount of time the fan had to establish a U-shaped equilibrium profile in each instance. An implication of this is that the time between breach of the penultimate event scarp and the cessation of fluvial activity was relatively brief. 11/7/06 Vertical displacement across the fault during each earthquake/faulting event can be estimated from the difference in elevation between the terrace surfaces (Fig. 7) . The maximum difference in elevation between the level of the footwall fan and the top of Terrace 1 is approximately 2.6 m. This could be an underestimate of the true displacement during the most recent faulting event, as sediments may have accumulated at the base of the scarp following drainage defeat. The difference in height between the top of Terrace 1 and the base of the U-shaped cut relating to Terrace 2 is approximately 3.1 m and the difference in elevation between the base of the Terrace 2 cut and the Base of the Terrace 3 cut (measured at the location of the Three Terrace traverse) is 2.4 m.
The area investigated using levelling traverses during this study is on the southern half of the scarp trace. As fault displacement profiles are generally characterised by displacement maxima near to the centre of the trace (e.g. Hemphill & Weldon, 1999) , it might be expected that the displacements measured above underestimate the maximum magnitude of displacement. The maximum slip is likely to have occurred in the region of the fault now submerged beneath the Huon-Serpentine Impoundment. However, it is debatable whether the maximum relief would have been well-preserved at this location prior to inundation given that the Lake Edgar area was a focus for significant drainage concentration, and breaches of the scarp can clearly be seen in pre-flooding aerial photography (Fig. 4) .
BORING/CORING WITHIN THE FAULT-BOUND POND
A small pond situated immediately east of Huon Inlet and north of Harlequin Hill, and bound on its western side by the fault scarp, was also investigated in detail (Fig. 2) . The lake relates to westerly flowing drainage that was impeded by faulting, most notably Condominium Creek.
The present pond outlet breaches the scarp at the northwest corner of the pond. Aerial photography suggests that the current lake area is approximately a third of the maximum attained (Fig. 5) . Three bore/core holes were excavated within the lake using a combination of D-section and auger equipment to reveal the pond stratigraphy. The borehole profiles ( Fig. 10) reveal a general stratigraphy consisting of an upper layer of dark brown organic (peaty) mud overlying medium grained white sand to clayey sand that becomes more clay-rich with depth. These sediments in turn overlie dense clayey gravels, similar in character to the deposits on the fluvial terraces mentioned in the previous section. The clay matrix is interpreted to reflect the derivation of the sediments from the Mt Anne region, which are capped by dolerite, rather than from the quartzite ranges further south. The basal clayey gravels are therefore interpreted to represent pre-lake periglacial fluvial fan sediments. The auger met refusal at the top of this horizon in holes #2 and #3.
In the borehole closest to the scarp (#2), the basal dense clayey gravel is overlain by sandy clays and clayey/sandy gravels, which are interpreted to represent colluvium shed off the scarp. There is no evidence for cyclicity in the pond sediments that might indicate multiple cycles of faulting-induced sedimentation. This, together with the <
OSL GEOCHRONOLOGY
The study of McCue et al. (2003) included radiocarbon dating of samples from the trench locality on Terrace 1 (e.g. Fig. 2 ). Samples were dated from the peaty silt overlying the Terrace 1 gravel sheet and also from silts underlying the gravels. The upper sample returned a modern age while the lower samples exceeded the range of the radiocarbon technique, giving an age of >39,600 years BP. In light of this, and the geomorphic results presented above, it was proposed to constrain faulting events by dating the gravely sediments mantling the various terrace surfaces using the OSL technique (see Appendix 1 for detailed sample context).
The single-aliquot regenerative dose (SAR) OSL protocol used by this study (see Appendix 2) measured the luminescence signals from sub-samples, each composed of ~100 -200 quartz grains. The limitation of multi-grain dating is that heterogeneity that might exist in the sample, for example due to incomplete resetting or bioturbation, is not completely resolvable. The degree to which quartz-rich sediments reset during transport under various conditions and in different environments is beginning to be quantified using single grain OSL (e.g. Olley et al., in press ). However, irrespective of problems with resetting, a multiple grain age determination on a sample will provide a maximum estimate for the deposition age of the sediment. In the context of the present study, age determinations on the sandy gravels deposited on the various terraces will provide a maximum estimate for the time of faulting (i.e. uplift of the sediments above the level of deposition).
OSL RESULTS AND AGE CONSTRAINTS ON FIELD RELATIONSHIPS.
A sample of sandy gravel taken from near to the surface of Terrace 3 (EF-06, Appendix 1) produced a burial age of 61.3±7.1 ka ( Table 1, Fig. 11 ). This age provides an upper bound for the tri-ultimate seismic event (TE). An age of 28.0±2.6 ka from a sandy gravel sample from Terrace 2 (EF-17) provides a lower bound for this event, and also an upper bound for the penultimate event (PE). Sandy gravels mantling the lowest terrace (Terrace 1) yielded burial ages of ca 28 ka in the lower parts (EF-08, 28.8±5.2 ka; EF-09, 28.1±1.9 ka) and ca 25 ka near to the interface with the overlying peaty soil (EF-11, 25.3±4.0 ka). While these ages are stratigraphically consistent, they are also statistically indistinguishable. They provide a lower bound for the PE, and an upper bound for the most recent event (MRE).
The MRE is constrained to have occurred subsequent to the 25.3±4.0 ka deposition of sample EF-11 sandy gravels and prior to the ca 17 -18 ka deposition of gravely alluvium/colluvium derived from Terrace 1 (samples EF-03, 18.7±1.3 ka and EF15, 17.2±1.0 ka).
The OSL results indicate that the sandy sediments underlying the mantle of gravel on Terrace 1 (Fig. 8) are significantly older than the gravels themselves. This confirms the reverse nature of faulting, showing that older sediments have been thrust over 11/7/06 younger sediments (cf. EF-09, EF-10). Sample EF-07, obtained from a sandy lens at the base of the gravels, produced a deposition age of 102±14 ka. Dark brown fine silty sands from EF-10, sampled from a stratigraphic level approximately 250 mm below the base of the gravel, were saturated with respect to OSL signal, and produced a minimum estimate of burial age of 173 ka. Sample EF-10 was taken from immediately above sample EF-09 (28.1±1.9 ka), across the main MRE fault strand.
The 11.0±0.7 ka deposition age obtained on sample EF-14 provides a maximum estimate for the timing of the change from minerogenic-to organic-dominated sedimentation in the fault-bound lake. Deposition within the lake did not involve a discernable organic component at the time of colluvial sediment accumulation (i.e. immediately after the MRE), nor until after 11 ka.
DISCUSSION
TIMING AND MAGNITUDE OF PALAEO-EARTHQUAKES ON THE LAKE EDGAR FAULT
MOST RECENT EVENT
The timing of the most recent faulting event is bracketed by the ages obtained on the faulted Terrace 1 gravels (ca 25 ka) and by the ages derived from the unfaulted colluvial fans derived from Terrace 1 (ca 17 -18 ka). This range spans the time of the LGM in the Australasian region, when average temperatures were about 9 -10 °C lower than today (Miller et al., 1997; Barrows et al., 2001 ). This was presumably also a time of great aridity in the Lake Edgar region, with little or no vegetation cover on the valley floors. This interpretation is supported by the extent of colluvial fan deposits that were shed from the MRE scarp, despite the low angle of the MRE fault trace (Fig. 8) , which is unlikely to have formed a free face subsequent to rupture. It might therefore be expected that colluvium accumulation following the MRE would have been rapid compared to a fully vegetated region. Hence, we propose that the MRE faulting occurred immediately prior to the deposition of the colluvium shed off Terrace 1 at ca 17 -18 ka (Fig. 11) . McCue et al. (2003) argue that the MRE occurred in the very recent past based upon the sharpness of the scarp in the landscape despite the high average annual rainfall. While our age data are incompatible with this interpretation, some explanation of the apparent youth of the landform is warranted. At present there is almost no erosion and transport of minerogenic sediments occurring because the landscape has been completely stabilised by vegetation (buttongrass plains, swamps, etc). The geomorphological evidence is that the landscape has been in this stable form for the entire Holocene and perhaps longer (Kiernan, 2001 ). The transition from minerogenic deposition (e.g. landscape instability and erosion) to organic deposition (landscape stabilised) dates to around 10 -13 ka (this study; Michael Fletcher pers. Comm., 2003) . Hence, there may have only been a window of about 4 kyr between scarp formation and stabilisation of the landscape. In this interval it is likely that there was some vegetation acting to retard erosion. This, in combination with the low angle of the fault trace where it approaches the surface (we speculate that there was never a free face), is proposed to account for the preservation in the landscape of the youthful appearance of the scarp. 11/7/06
The magnitude of the earthquake that formed the 2.6 m high MRE scarp is difficult to estimate with certainty as the exact length of the surface rupture is not well constrained, nor is fault dip at depth. The airphoto lineaments associated with significant Quaternary relief extend for approximately 20 km. However, a significant linear topographic break, which coincides with the inferred position of the Lake Edgar Fault, and controls the path of the Huon River, extends for 10 km to the north of the scarp (Fig. 2) . The relationships developed by Wells & Coppersmith (1994) between scarp height, length and earthquake magnitude suggest that the MRE scarp height relates to an event in the region of M W 6.8, assuming that the fault dips steeply westward at depth. Such a magnitude is consistent with a scarp length of around 25 -30 km. If the drilling results (Roberts et al., 1975) are not indicative of the dip of the Quaternary fault strands at depth, and they are in fact more shallowly dipping, then a larger event is required to generate the observed relief. As mentioned in a previous section, the location of our traverses in the southern portion of the fault trace also raises the possibility that the vertical relief figures calculated for each event underestimate the maximum values obtained.
This would also lead to an underestimate of the magnitude.
PENULTIMATE EVENT
The near coincidence of ages from Terrace 1 (EF-08 & 09) and Terrace 2 (EF-17) is consistent with the penultimate faulting event having occurred during active fluvial/alluvial deposition (ca 28 ka). This interpretation is consistent with unpublished data suggesting widespread landscape instability and aeolian deposition in the lower Huon River at this time (P. McIntosh & K. Kiernan, unpubl. data). An alternative possibility, that fluvial deposition had ceased prior to PE faulting, and that footwall fan gravels and sands of ca 28 ka age were transported at a later date onto the hangingwall without resetting their OSL systematics is not preferred. However, the 47.7±7.5 ka age obtained on sandy gravel sampled on the footwall fan adjacent to the centre of Terrace 1 (sample EF-12) indicates that sediments with a spread of deposition ages are preserved on the footwall fan, and may have provided mixed age sources for the terrace gravels. Irrespectively, the ca 28 ka age obtained on sample EF-17 provides a maximum age bound for the PE (Fig. 11 ).
The change in base level of the fluvial fan resulting from the penultimate event is in the order of 3.1 m. This single event displacement is slightly larger than that which resulted from the MRE, and may have been generated by an event in the range of M W 6.8 -7.0. The relationships of Wells & Coppersmith (1994) suggest that this event may have ruptured the entire 45 km length of the Lake Edgar Fault.
TRI-ULTIMATE EVENT
The time of the TE is broadly bracketed by the ca 61 ka age obtained on Terrace 3 gravels and the ca 28 ka age obtained on Terrace 2 gravels. Further constraint is provided by the 48 ka age obtained on a sample of the footwall fan gravels. While Terrace 3 has not been thoroughly sampled, the location of sample EF-06 near to the centre of the depositional channel breaching the scarp makes it highly likely that ca 48 ka gravels would have been preserved had they existed. It is reasonable to assume that the ca 47 ka gravels identified in the footwall reflect a phase of fluvial activity similar to those that resulted in the deposition of the ca 61 ka and ca 28 ka gravels, as this time coincides with a period (of probable landscape instability) between glacial advances identified in New Zealand (Williams, 1996; Barrows et al., 2002; Fink & 11/7/06 Williams, 2003) and Kosciuszko (Barrows et al., 2001) . The absence of gravels of this age on Terrace 3 thus implies that the TE predates ca 48 ka. We therefore propose that the TE occurred between 48 ka and 61 ka (Fig. 11) .
The relief relating to the TE is similar to that generated in the younger two events. A causative earthquake of a similar magnitude is implied.
PRE-TE ACTIVITY
There is no evidence in the trench, nor conclusive evidence in the geomorphology, for surface-rupturing earthquakes prior to the TE. Although the continued rise of the upthrown block to the south of the Scarp Top Traverse may relate to pre-TE seismic activity, we found no markers that might conclusively demonstrate this. Two explanations for the apparent lack of pre-TE events are plausible: (1) there were no Quaternary events prior to the TE; or (2) any geomorphic expression relating to previous events has been planed off by ice, destroyed by other erosive processes, or buried by sediment accumulation.
IMPLICATIONS OF THE DATA FOR SEISMIC HAZARD ASSESSMENT
The Lake Edgar Fault is undoubtedly susceptible to reactivation under conditions imposed by the modern Australian intraplate stress field. The history of recurrence of large surface-rupturing earthquakes established herein, with the last event having occurred in the past 20 kyr, requires that the Lake Edgar Fault be classed as an active (or capable) fault (e.g. IAEA 1991; USNRC, 1996; Machette, 2000) . The main consequence of this finding is that the potential for extreme ground shaking and ground rupture should be considered in seismic hazard assessments affecting population and infrastructure within the area. In addition to the residents of many small population centres, the 200,000 residents of Hobart, Tasmania's capital city, live less than 80 km from the fault. The data presented herein also provides fundamental insight into the behaviour of intracratonic faults, with associated implications for hazard assessment, as discussed below.
FAULT BEHAVIOUR
The results of the geochronology indicate surface-rupturing earthquakes on the Lake Edgar Fault at around 17-18 ka, 28 ka and 48 -61 ka. The interseismic intervals are thus 10 -11 kyr and 20 -33 kyr, with 17 kyr having elapsed since the last surface rupture. While the data are too few to have complete certainty, the indication is that large earthquakes occur episodically on the Lake Edgar Fault. However, this episodicity does not appear to be as pronounced as is the case for other Australian Quaternary faults that have been investigated in detail (e.g. the Roopena and Hyden faults, Crone et al., 2003) . Given the uncertainty related to potential episodicity, it is none-the-less likely, based upon the previous cycle lengths, that the Lake Edgar Fault is half way or more through its seismic cycle. This time dependency of hazard should be accounted for in future probabilistic seismic hazard assessments.
It is noteworthy that the three events identified resulted in the generation of similar amounts of vertical relief. The concept of a "characteristic event" (Johnson et al., 1994) might therefore be applicable to the Lake Edgar Fault. There is no evidence in the geomorphology, nor in the trench profile, indicative of smaller events between the three major surface ruptures. It is possible that a M(I) 5.5 event in 1880 resulted from slip on the Lake Edgar Fault. However, the precision on the epicentre for this event, determined from an isoseismal map, is in the order of 50 km (Michael-Leiba & Gaull, 1989) . This event might therefore have occurred on the Gell River Fault, or on another unknown fault. In addition, our OSL data effectively rules out the possibility of fault creep (or a series of small events) having formed the observed relief, as opposed to three large discrete events. If this were the case the deposits on Terrace 1 and Terrace 2 would be of significantly different ages (at least 18 kyr assuming the lower bound slip rate of 0.17 mm/yr, see next section). The indication is that the fault is either quiescent or experiencing its characteristic event. This finding has important ramifications for seismic hazard assessments, which assume a Guttenberg-Richter magnitude-frequency distribution.
SLIP RATE
Providing an estimate of the slip rate in which we might have confidence is difficult for intra-cratonic faults, where the recurrence for surface-rupturing events is measured in thousands to many tens of thousands of years. Not only do inter-seismic intervals far exceed the record of historical seismicity, there is also the possibility that displaced geomorphic datums might be significantly altered by erosion. The problem is compounded if earthquakes exhibit temporal clustering, as apparently do those on the Lake Edgar Fault, because slip rates should then be averaged over a time period containing a large number of seismic cycles.
Information from two complete seismic cycles on the Lake Edgar Fault is preserved within the area of investigation. Fig. 12 presents a graphical summary of the timing of displacement events. The slip rate for the seismic cycle PE -MRE is 0.24 mm/yr, whereas that for the cycle TE -PE is between 0.09 and 0.16 mm/yr. Estimates for the average slip rate calculated for the two complete seismic cycles range from 0.17 -0.20 mm/yr (unweighted mean) and 0.13 -0.18 mm/yr (mean weighted according the lengths of the seismic cycles).
As mentioned above, it is impossible to tell if the slip rate calculated from the last two complete seismic cycles is representative of the long-term (i.e. hundreds of thousands of years) slip rate on the fault, as there is no evidence for previous events. Given that the MRE scarp remains a sharp feature in the landscape, it is not expected that erosion of the scarp (other than by fluvial activity) has significantly reduced the scarp height, subsequent to the last three events at least.
Taken at face value, the slip rate on the Lake Edgar Fault is large compared to those inferred for other intra-cratonic faults in Australia, even where significant faultcontrolled relief is evident. For example, slip rates on faults bounding the Mt Lofty Ranges in South Australia, responsible for the generation of significant relief, have been estimated at 0.02 -0.03 mm/yr averaged over the past 3 -5 Myr (Sandiford, 2003a) . The same author reports slip rates of 0.01 -0.02 mm/yr from faults in the central Murray Basin and rates of up to 0.1 mm/yr from the Otway Ranges in Victoria, averaged over a similar time period (Sandiford, 2003a, b) .
As mentioned in the section Regional geomorphology and evidence for Quaternary deformation, it is plausible that strain is concentrated in the Lake Edgar and Gell River areas as a consequence of the rheology contrast between the Adamsfield Ultramafic Complex and adjacent rocks abutting the contact between the Tyennan and Adamsfield-Jubilee tectonic elements ; Fig. 1) . A potential trigger for seismicity on the Lake Edgar Fault is climate, as discussed in the next section.
IMPLICATIONS FOR CLIMATE AND GLACIATION IN SW TASMANIA
Cosmogenic nuclide dating of moraines on Schnells Ridge (6 km east of the Lake Edgar Fault) obtained ca 19 ka ages for the most recent glaciation to affect the area (Judd moraine, Kiernan et al., 2004) . Dating elsewhere in Tasmania suggests that the late LGM occurred at around 20 ka, with retreat by 18 ka (Colhoun & Fitzsimons, 1990; Barrows et al., 2002; Colhoun, 2003) . No firm age control exists on glacial deposits in the Lake Edgar region that predate the LGM. However, Kiernan et al. (2004) report ca 40 ka and ca 70 ka cosmogenic nuclide exposure ages for individual boulders from the composite Timk moraine (also on Schnells Ridge) that correspond to periods of glaciation identified from other southeast Australian moraines (39 -46 ka and >59 ka, Barrows et al., 2001 ) and from southern New Zealand (75-65 ka and 45-41 ka, Williams, 1996; Fink & Williams, 2003) . Glacial advances have also been documented in the South Island of New Zealand between 28 -25 ka, 21 -19 ka and 17-14 ka (Fink & Williams, 2003) . Given the correspondence between Timk and Judd moraine ages and the timing of glacial events in New Zealand, and the likelihood that the New Zealand cold climate episodes reflect regional rather than local climatic influences, it might also be expected that cold climate episodes occurred in Tasmania between 28-25 ka and 17 -14 ka.
The ages obtained from the fan gravels along the Lake Edgar Fault suggest episodes of landscape instability at ca 61, ca 48, ca 28 -25 and ca 17 -11 ka. Within error, these ages correspond to cold climate episodes recognised in southeastern Australia and New Zealand. We therefore propose that the landscape instability which unlocked source sediments for the fans in the Lake Edgar region resulted from a reduction of vegetative cover consequent of cold climate. The precise climatic trigger for fan formation is best demonstrated by the youngest fans (ca 17 -18 ka), which formed immediately after the initiation of retreat from the LGM. The deposition of significant colluvial deposits over the low-angle surface rupture following the most recent faulting event (ca 17 -18 ka) implies that vegetation did not effectively stabilise the landscape at this time. We believe that the age of 11.0±0.7 ka (EF-14) obtained immediately below the sand/organics interface in the fault-bound pond to the north of Harlequin Hill provides important constraint on the recovery of vegetation subsequent to the end of the last glaciation. Hence, if precipitation had returned to values similar to today prior to the re-establishment of vegetation then some potential may have existed for slope instability, fan formation and the shedding of sandy sediments into lakes. In the lacustrine setting it might be expected that once vegetation restabilised the landscape this influx of sandy sediment would be much reduced, and potentially be overwhelmed by organic sediments, producing the sediment profile revealed in the boreholes.
The temporal relationship between the older periods of fan activity and cold climate episodes is not clear at the resolution of our age data. The re-establishment of relatively high post-glacial rainfall levels prior to vegetation recovery provides a 11/7/06 plausible mechanism for fan re-activation, as described above. However, the older fans were far more extensive and energetic than the youngest fans, and this fluvial activity resulted in major erosion of the Lake Edgar fault scarp. We speculate that this reflects a higher annual rainfall budget than today, or potential melt-water contribution to the Huon River catchment. Irrespective of mechanism, elevated stream discharge from the Huon catchment would result in an elevated groundwater table in the vicinity of the Lake Edgar Fault.
A CLIMATE-INDUCED TRIGGER FOR SEISMICITY ON THE LAKE EDGAR FAULT?
The 75-65 ka glacial advance documented in New Zealand (Williams, 1996; Fink & Williams, 2003) occurs immediately prior to the maximum age bound for the triultimate faulting event, while the most recent faulting event immediately postdates the onset of retreat from the late LGM (e.g. Kiernan et al., 2004) . Furthermore, the age range established for the penultimate faulting event coincides with a 28-25 ka glacial advance recorded in New Zealand (Fink & Williams, 2003) . Given the coincidence in age between all three earthquake events and cold climate episodes, with a suggestion that earthquake events immediately post-date glacial peaks, it tempting to speculate that seismicity may be triggered in some way by a warming of climate. As discussed above, warming of the climate in the Lake Edgar region is accompanied by a resurgence in fan activity, presumable reflecting an increase in rainfall. The consequent elevation in groundwater tables could potentially increase the pore pressure within rocks adjoining the fault, bringing the fault closer to failure (e.g. Scholz, 1990, p327) .
A predicted increase of seismicity on the Lake Edgar Fault during the filling of the Huon-Serpentine Impoundment (1972 -1978) (Lee, 1972) was not borne out by observations made by the University of Tasmania seismic net (Shirley, 1980) . Though epicentres show no correlation to the mapped position of the fault, significantly enhanced rates of seismicity were recorded within the general vicinity of the impoundment during filling. Seismicity associated with reservoirs is generally considered to reflect "triggering" via an increase in pore water pressure of a system close to failure (e.g. Gupta, 2002) . Typically, reservoir-triggered seismicity is relatively small in magnitude and is concentrated over storages where the water depth is measured in tens of metres and the fill rates measured in tens of metres per month (Gupta, 2002) . The fact that the Huon-Serpentine Impoundment in the vicinity of the Lake Edgar Fault is very shallow (<5 m) and did not fill particularly rapidly might explain the lack of seismicity on the fault during filling. However, the area has proven prone to seismicity subject to small changes in conditions of pore pressure.
CONCLUSIONS
The main findings of this study are as follows: 1) three recognisable episodic surface rupturing earthquakes have occurred on the Lake Edgar Fault in the last 48 -61 kyr, with the most recent event occurring some 17-18 kyr ago; 2) each event on the ~45 km long fault is associated with ~2.4 -3.1 m of vertical displacement, implying a characteristic magnitude event in the order of M6.8 -7.0, which is comparable to the largest earthquake events recorded in Australia; 3) the average slip rate calculated for two complete seismic cycles ranges from 0.17 -0.20 mm/yr (unweighted mean); 4) the recurrence of such a characteristic event would pose a significant hazard to nearby 11/7/06 infrastructure and population, although the characteristic recurrence interval (~20 kyr) implies such an event is extremely unlikely in the lifetime of existing infrastructure and 5) the age of fluvial fan advances suggest previously unrecognised cold climate episodes in SW Tasmania at ca 61 ka, ca 48 ka and ca 28-25 ka
APPENDIX 1 -CONTEXT OF THE DATED SAMPLES
Sandy/gravelly sediment samples from five localities within the trench (Fig. 8) , two locations within the sag pond (Figs 10 a, b) , and four locations on various fluvial terraces (Figs 6c, 7) were collected for single-aliquot regenerative-dose (SAR) OSL dating of quartz grains. The results of the analyses are presented in Table 1 . Analytic procedures are presented in the Appendix. The following abbreviations are used below: HB = hangingwall block, FB = footwall block. GPS co-ordinates are provided in the WGS84 datum and UTM projection.
UPPER PART OF GRAVEL MANTLE AT THE TRENCH LOCALITY, HB (SAMPLE EF-11, 55G, 446654 ME / 5234465 MN)
Sample EF-11 was obtained from the south face of the trench excavation (Fig. 8 ). An account of the detailed trench stratigraphy is published in McCue et al. (2003) and is not reproduced here. However, the general stratigraphy consists of a 200 -300 mm thick layer of peaty silt with fine to medium sand, which mantles the ground surface and overlies a 500 -1100 mm thick layer of fine to coarse gravel (clasts typically 10 -40 mm, but up to 100 mm). The gravel is poorly sorted and contains angular and subrounded clasts predominantly of quartzite and vein quartz. Clasts typically appear reasonably fresh and will ring if struck with a hammer. A soil pit excavated into Terrace 1 next to the trench confirmed the competency of the gravel clasts, and that the upper surface of the gravel sheet forms the Terrace 1 surface. The gravel layer overlies firm dark brown silty fine sand extending to the base of the trench.
OSL sample EF-11 was taken near the top of the gravel sheet mantling the scarp on the hangingwall block. The age of the sample provides a maximum bound for the most recent faulting event, as the gravel mantle is cut by the most recent event (MRE) fault trace.
LOWER PART OF GRAVEL MANTLE AT THE TRENCH LOCALITY, HB (SAMPLE EF-08,
55G, 446654 ME / 5234465 MN) Sample EF-08 was obtained from the south face of the trench excavation (Fig. 8) , within the lower half of the gravel sheet mantling the scarp on the hangingwall block. The gravel sheet thickens markedly at the sampling site compared to elsewhere in the trench. Stratigraphy within the sub-gravel sediments is truncated at the gravel interface, indicating that the thickening of the gravel unit reflects the infilling of a channel. The sample was taken to provide an indication of the age structure of the gravel mantle displaced by the most recent faulting event.
LOWER PART OF GRAVEL MANTLE AT THE TRENCH LOCALITY, FB (SAMPLE EF-09, 55G, 446654 ME / 5234465 MN) Sample EF-09 was obtained from the south face of the trench excavation (Fig. 8) , within the lower half of the gravel sheet mantling the scarp, immediately beneath the fault plane on the footwall block. The footwall gravels appear to be identical to those 11/7/06 on the hangingwall. The age of sample EF-09 provides the means to test this hypothesis.
SUB-GRAVEL SOIL AT THE TRENCH LOCALITY, HB (SAMPLE EF-07, 55G, 446654 ME / 5234465 MN)
Sample EF-07 was obtained from the south face of the trench excavation (Fig. 8) from within a lens of brown medium grained silty sand. The lens occurs immediately beneath the gravel mantling the scarp in the hangingwall block and is partly intercalated with the gravels. It is suggested that the unit may have been ripped up from the underlying profile and redeposited. Hence, the age of deposition of the sample provides a maximum age bound for the deposition of the overlying gravel sheet.
SUB-GRAVEL SOIL AT THE TRENCH LOCALITY, HB (SAMPLE EF-10, 55G, 446654 ME / 5234465 MN)
Sample EF-10 was obtained from the south face of the trench excavation (Fig. 8) , from within the dark brown organic-rich sediments underlying the gravel sheet. The sample was taken from the hangingwall block immediately above sample EF-09. The samples EF-09 and EF-10, occurring on either side of the main MRE fault strand, therefore provide a test on the nature of faulting. Reverse motion should juxtapose older sediments above younger.
COLLUVIAL FAN DERIVED FROM TERRACE 1, FB (SAMPLE EF-03, 55G 446673 ME / 5234190).
Sample EF-03 was taken from a small hand-excavated pit dug into the upper surface of a colluvial fan shed off Terrace 1 onto the footwall block fan (Figs 6c, 7) . The fan mantles the fault scarp and is not displaced by faulting, so must postdate the MRE.
The stratigraphy at the sample site comprises an upper 210 mm thick layer of dark brown peaty soil overlying a 110 mm thick layer of gravely coarse sand. This sandy layer forms the surface of the colluvial fan. The sample was taken from this layer. The sand is underlain by brown gravely clay, which extends to the base of the pit (~450 mm). The gravel clasts are identical to those occurring on Terrace 1. Levelling data (Figs 6c, 7) indicates that the gravely clay is also part of the colluvial fan.
FOOTWALL BLOCK FLUVIAL FAN, FB (SAMPLE EF-12, 55G 446739 ME / 5234182 MN)
Sample EF-12 was taken from a small hand-excavated pit dug in the main fluvial fan approximately 50 m east of the fault scarp (Figs 6c, 7) . As the fan dips moderately to the west it was judged that sediments from this location would not be contaminated by material sourced from the upthrown block.
The stratigraphy at the site of sampling comprises an upper 250 mm thick layer of peaty soil rich in roots overlying sandy gravel, which extends beyond the base of the soil pit at 500 mm depth. The gravel is poorly sorted and contains angular and subrounded clasts ranging in size from 5 -150 mm. Clasts are typically of quartzite or 11/7/06 vein quartz and appear to have undergone a similar amount of weathering to those on Terrace 1 (see EF-11 description). The age of this sample will give an indication of the age structure of the footwall fluvial fan. TERRACE 2, HB (SAMPLE EF-17, 55G 446649 ME / 5234046 MN) Sample EF-17 was taken from a small hand-excavated pit dug into the upper surface of Terrace 2 along the line of the Three Terrace Traverse (Figs 6c, 7c) . The stratigraphy at the sample location comprises an upper 230 mm thick peaty soil horizon, overlying 100 mm of well sorted fine sandy loam, overlying > 100 mm of sandy/clayey gravel (sandy near the upper contact, becoming more clayey with depth). The clasts are quartzite and are ~10 mm diameter in the upper 50 -70 mm of the layer, grading to cobbles up to 200 mm near the base of the pit (e.g. Fig. 3f) . The gravel clasts within the pit, and elsewhere on Terrace 2, are similarly competent to those occurring on Terrace 1. The burial age derived from this provides a maximum bound on the time of initial uplift of Terrace 2 above the footwall fan level, during the penultimate event (PE).
TERRACE 3, HB (SAMPLE EF-06, 55G 446618 ME / 5234021 MN) Sample EF-06 was taken from a small hand-excavated pit dug into the upper surface of a remnant outlier of Terrace 3 along the line of the Three Terrace Traverse (Figs  6c, 7c) . The stratigraphy at the location of the sample consists of 250 mm of peaty soil overlying gravely medium sand that extends beyond the 400 mm depth of the pit. The gravel and cobbles appear much more weathered on Terrace 3 than on Terraces 1 and 2. In many instances they will crumble when struck with a hammer, or even when handled. The clast composition and angularity appears to be similar to that on other terraces, however, implying a similar source region. The sample was taken from the gravel layer. The burial age derived from this sample provides a maximum bound on the time of initial uplift of Terrace 3 above the footwall fan level, during the tri-ultimate event (TE).
FAULT-BOUND POND, COLLUVIAL DEPOSIT DERIVED FROM MRE SCARP, FB
(SAMPLE EF-15, 55G 446836 ME / 5242629 MN) Sample EF-15 was taken from the small fault-bound lake north of Harlequin Hill (Fig.  5) . Clayey/sandy gravel was retrieved from the borehole closest to the scarp (Borehole #2, 5 m east of the scarp, Fig. 10 ), from within a unit overlying the pre-lake fluvial fan deposits, and underlying the lake sands and muds. The gravel clasts include angular and subrounded quartzite and also platy phyllite. This unit is interpreted to be colluvium shed off the MRE scarp, or surrounding Terrace 1. The age of deposition of the sample therefore postdates the MRE.
A soil pit was excavated on the scarp top (Terrace 1) adjacent to borehole #2 to see if the materials exposed matched those interpreted to be pre-lake fluvial fan sediments in the boreholes. The stratigraphy exposed in the pit comprised an upper 270 mm thick layer of dark brown organic-rich silty clay at the surface, underlain by a light brown gravely clay. The clasts comprise dominant quartzite and phyllite to a diameter of 40 mm, very similar to that seen in the boreholes. 11/7/06 APPENDIX 2 -OSL PROCEDURE AND TECHNIQUE.
BACKGROUND
Methods of dating by stimulated luminescence rely on the net redistribution of charge that takes place when ionising radiation interacts with an insulating crystal lattice, such as quartz (Aitken, 1977 (Aitken, , 1998 . When crystals in a sample are exposed to natural radionuclides in the environment, some electrons move out of the outer shells of atoms, where they may accumulate in meta-stable traps within the lattice. As the net charge redistribution continues for the duration of the exposure (i.e. as long as sediment remains buried), the amount of trapped charge is related to both the duration and intensity of radiation exposure. Stimulation releases the stored electrons, emitting energy as light (luminescence).
Optical energy can stimulate luminescence and since the mid-1980s optically stimulated luminescence (OSL) has been used to date crystals in sediments (Huntly et al., 1985) . Optical dating provides a measure of time since sediments were last exposed to sunlight. Exposure at the surface may bleach or reset the OSL signal of a sediment to near zero. Subsequent burial by further sedimentation causes the grains to accumulate the radiation dose from ionising radioelements in the deposit, mainly from U and Th decay chains and 40 K, and cosmic rays. This accumulated energy is known as the palaeodose or equivalent dose and is proportional to the age of the sample. Crystals are exposed to light in the laboratory to release their store of trapped energy. The age of the sample is the accumulated dose divided by the dose rate.
Age (time) = Dose (radiation energy) . Dose Rate (radiation energy/time)
TECHNIQUE
We collected OSL samples by hammering 40 mm diameter stainless steel tubes into freshly cleaned vertical sediment faces. Samples were prepared under subdued, red light using standard procedures (Galbraith et al., 1999) . The 90 -125 µm quartz fraction was retained for dating. Equivalent doses were calculated using a single-aliquot regenerative dose (SAR) protocol (Murray & Roberts, 1998; Galbraith et al., 1999; Murray & Wintle, 2000) . Small aliquots of ~100 -200 grains were preheated at either 240 or 260 °C for 10 s and optically stimulated for 100 s at 125 °C by blue (470 nm) light from LED arrays attached to an automated RISØ TL-DA-15 apparatus. Luminescence was detected using a Thorn-EMI 9235QB15 PM tube with a 7.5 mm Hoya U-340 filter. The grains were then given applied doses using a calibrated 90 Sr/ 90 Y beta-source and restimulated to record their regenerative OSL signals. Samples were given test-doses of 2 Gy after each optical stimulation to monitor OSL sensitivity changes in the quartz crystals between the natural and regenerative cycles. OSL signals were integrated over the first 4.8 s period of illumination, with the mean signal from the final 20 s of illumination converted to the equivalent number of 11/7/06 channels over 4.8 s and subtracted as background using Analyst version 2.12 software (Duller, 1999) . The OSL data were corrected for any sensitivity changes and doseresponse curves constructed using a minimum of six regenerative dose points. The equivalent dose was obtained from the intercept of the regenerated dose-response curve with the natural luminescence intensity.
Frequency distributions of equivalent dose estimates from single aliquots were typically skewed by older equivalent doses. This suggests most of the samples contained substantial populations of grains that had been inadequately exposed to sunlight prior to the last depositional event. Ages were generated using the weighted mean (central age; Galbraith et al., 1999 ) equivalent dose of the youngest quartile of aliquots to minimise the affect of partially-bleached grains.
Preheat tests produced flat plateaux over the range 160 -300 °C indicating negligible thermal transfer in all of the samples. Recuperation tests showed no significant radiative recombination. These experiments, including recycling tests using duplicate regenerations of known dose, confirmed the reproducibility of the laboratory-induced luminescence signals .
K, U and Th concentrations were estimated by neutron activation analysis (NAA). These were converted to beta dose rates using the conversion factors of Adamiec & Aitken (1998) with a beta attenuation factor of 0.93 ± 0.03 (Mejdahl, 1979) . Gamma dose rates were measured in the field for all except three samples using a portable spectrometer with NaI (Tl) crystal and converted to dry values by oven-drying sediment from the sample location. Gamma dose rates were estimated from the NAA radionuclide concentrations for those samples lacking in situ gamma spectrometry. Alpha dose rates were assumed to be 0.03 ± 0.01 mGy a -1 , a conservative estimate based on measurements of Australian quartz elsewhere (e.g. Bowler et al., 2003) .
Cosmic-ray dose rates were determined from established equations (Prescott & Hutton, 1994) , allowing for sample depth, sediment density and site altitude, latitude and longitude. Time-averaged moisture content of the sediments was estimated from the oven-dried weight of OSL sediment samples and used to correct attenuation by water (Aitken, 1998) . Present-day field water contents were considered representative of long-term averages. 11/7/06 
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Page 29 11/7/06 Radionuclide concentrations b g including a ± 2 % systematic uncertainty associated with calibration of the laboratory beta-source.
f calculated using the equation of Prescott and Hutton (1994) , based on sediment density, time-averaged depth and site latitude, longitude and altitude e derived from field gamma spectrometry for EF03-EF12, INAA radionuclide concentration measurements for EF14-EF17, corrected for attenuation by water d derived from INAA radionuclide concentration measurements, corrected for attenuation by water and beta attenuation
